Summary Time-related trends in the incidence of non-Hodgkin's lymphoma (NHL) in Denmark were analysed for the period 1943-89. A total of 13 822 patients (7565 men and 6257 women) were included in the study. In men, world-standardised incidence rates per 100 000 population increased from 2.5 in 1943-47 to 9.3 in 1988-89. In women, a similar increase was seen, i.e. from 1.9 in 1943-47 to 6.5 per 100 000 population in 1988-89. For all birth cohorts, the male-to-female incidence ratio was highest among young subjects and fell significantly after the age of 29 years. Trends in age-specific incidence were analysed separately for two periods, i.e. 1943-77 and 1978-89, reflecting (Hakulinen et al., 1986; Martinsson et al., 1992; Cartwright, 1992; Zheng et al., 1992; Devesa and Fears, 1992; Carli et al., 1994 ). Most reports have described annual increases of 2-5%, some suggesting higher rates of increase in men than in women (Martinsson et al., 1992; Devesa and Fears, 1992) . Identification of the point in time when this widespread trend started could yield important information as to possible causes of NHL. The vast majority of previous reports, however, have been restricted to the most recent decades, and consequently little is known about the temporal trends before the 1960s.
An increase in the incidence of non-Hodgkin's lymphoma (NHL) has been reported worldwide in recent years (Hakulinen et al., 1986; Martinsson et al., 1992; Cartwright, 1992; Zheng et al., 1992; Devesa and Fears, 1992; Carli et al., 1994) . Most reports have described annual increases of 2-5%, some suggesting higher rates of increase in men than in women (Martinsson et al., 1992; Devesa and Fears, 1992) . Identification of the point in time when this widespread trend started could yield important information as to possible causes of NHL. The vast majority of previous reports, however, have been restricted to the most recent decades, and consequently little is known about the temporal trends before the 1960s.
The main objective of the present study was to describe the long-term trends in the incidence of NHL in a wellmonitored, homogeneous population. This was achieved by using data from the Danish Cancer Registry, which has collected national cancer data over half a century. Detailed analyses of changes in age-specific incidence rates between an early and a more recent period were performed in an attempt to separate changes possibly attributable to the AIDS epidemic from those caused by other factors.
Materials and methods
The Danish Cancer Registry has recorded almost all diagnoses of cancer in Denmark since 1943. In addition to contemporary coding systems, a national modification of the seventh revision of the International Classification of Diseases (ICD-7) has been used continuously in order to generate comparable data over time (Storm, 1991 (<30, 30-39,. .., >80 years) for 5 year calendar intervals in the early period (1943-47, 1948-52..,1973-77) Table I . During the 47 year study period, world-standardised incidence rates increased from 2.5 to 9.3 per 100 000 in men and from 1.9 to 6.5 per 100 000 in women, corresponding to an overall increase in both sexes of around 250% (Figure 1 Incidence rates were consistently higher in men than in women (Figure 2 ). Throughout the 47 years under study, the male-to-female ratio of age-specific incidence rates (M/F ratio) declined with increasing age. Also, a remarkable 3. -1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 Calendar year change during the period 1978 -89 took place in the M/F ratio among children and adolescents. Even although boys were affected by NHL more often than girls during the entire study period, the excess of boys was particularly evident among children aged 0-9 years at the time of NHL diagnosis in 1978-89 (M/F ratio=3.6; 53 boys and 14 girls). Age-specific incidence rates increased exponentially with age ( Figure 3) . Within both the early period, 1943-77, and the recent period, 1978-89, rather similar increases in agespecific incidence rates occurred in men and women (Table I) . Presumably because of limited numbers among the youngest patients, the annual increases were not formally significant in all age categories below the age of 40 years. The annual increases in incidence were consistently higher during the period 1978-89 than in 1943-77 in age categories below 60 years in men and below 80 years in women (Table I) . However, two accelerations were particularly conspicuous. Firstly, in the early years under study a steep increase was seen among the very old patients, i.e. those > 80 years ( Figure 3 ). An annual increase in the age-specific incidence of around 7% in both men and women was present in this age category during the period 1943-62, whereas no significant increase in incidence was present in the period 1963-77. Secondly, a particular acceleration took place in the incidence of NHL among young men and women. During 1978-89, an Age (years) Figure 2 Male-to-female incidence ratio by age in the periods 1943-77 and 1978-89. --v--, 1978-89; -.-, 1943-77. annual increase in incidence of around 8% was observed for both men and women aged 40 -49 years, as opposed to annual rates of increase of 1.2% in men and 1.6% in women in the period 1943-77. Similarly, the annual rate of increase among men aged 30-39 years was 7-to 8-fold higher in the recent period compared with the early period (Table I, Figure  3 ).
Discussion
The present study demonstrates that the incidence of NHL has been increasing continuously during the past half century in Denmark, and that both sexes and all age categories have been affected. These observations are in line with previous reports from other countries, all of which suggest a significant increase in the incidence of NHL (Hakulinen et al., 1986; Martinsson et al., 1992; Cartwright, 1992; Zheng et al., 1992; Devesa and Fears, 1992; Carli et al., 1994) . In one study from the United States, covering the period 1973-88, annual increases in incidence were 5% and 2% among white men and women, respectively, in the age group 15-54 years. Among those aged 55-74 years, the annual increase was 3% in both sexes, and 4% among those aged 75 years or more 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 Calendar period b 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 Calendar period (Devesa and Fears, 1992) . In a Swedish study that included chronic lymphocytic leukaemia in the definition of NHL, women experienced an annual increase in the age-standardised incidence rate of 1.7% in the period 1969-87. The corresponding annual rate of increase in men was 4.9% (Martinsson et al., 1992) . A French study reported annual increases of 10-11% in the incidence of NHL for both sexes for the period (Carli et al., 1994) . This particular study, however, was based on rather limited data.
Some studies have suggested that the increase in incidence of NHL has been most pronounced in the older age groups (Zheng et al., 1992; Hartge et al., 1994) . The present investigation showed that, in Denmark, this pattern applied only to the period 1943-62. By contrast, the increase seen in recent years was particularly evident in young and middleaged persons, demonstrating an acceleration of the incidence of NHL in these age groups. For men, a similar shift in the rate of increase in incidence was noted in a previous study from the United States. Devesa and Fears (1992) found that the annual increase was 1.5% in men aged 15-34 years and 3.7% in those aged 35-54 years in the period 1970-82, whereas the corresponding rate of increase in both age groups was 8-10% in the period 1983-88. As in men, we observed a steep increase, i.e. 8% annually, in the incidence of NHL among women aged 40-49 years in the most recent period . To the best of our knowledge, this remarkable increase among younger women has not been reported previously.
As expected, there was a male predominance among patients with NHL. Our data showed that this applied to all Non-Hodgkin's lymphoma in Denmark 1943-89 H Hjalgrim et al 953 age groups throughout the past half-century. However, the M/F ratio varied with age. In particular, a decline in the M/F ratio after the age of 29 years was seen both in 1943-77 and in 1978-89 . The consistency of this decrease throughout the 47 year study period indicates that more recent phenomena such as AIDS offer no satisfactory explanation for it. Also, a remarkable increase in the sex ratio among the very young NHL patients was seen in recent years, reflecting the fact that NHL among children and adolescents today has become relatively more common among boys than girls. Founded on a relatively limited number of patients, the recent change in sex ratio among these young NHL patients should be interpreted with caution. Despite the lack of any ready explanation, both the change in M/F ratio among the very young and the general decline in M/F ratio after the age of 29 years merit further attention.
From Figure 3 , it is seen that the age-specific incidence curves break at around al., 1984) , may provide a partial explanation for the observed recent acceleration in NHL incidence among younger men, this explanation does not apply equally to women. The remarkable parallelism between the changes in incidence in young men and women suggests that factors other than AIDS must be sought to explain the steep increase in incidence.
It has been hypothesised that a person's risk of NHL may be influenced by ultraviolet (UV) light (Cartwright et al., 1994; Adami et al., 1995) . The recent steep increase in NHL incidence observed in persons of both sexes, and predominantly in the young and middle-aged, is in accordance with such a hypothesis. During the 1960 and 1970s, recreational exposure to UV light became increasingly popular in the general population of Denmark as well as in many other parts of the world. A simple calculation reveals that those persons who later experienced the most dramatic increase in incidence were between 1 and 40 years old in the 1960s and 1970s. Although compatible with the UV light hypothesis, our data do not serve as evidence of a causal relation.
Unlike the observed dramatic increase in incidence among young and middle-aged persons in recent years, the increase seen among the oldest patients during the first two decades under observation is probably explained by improvements in diagnostic methods available, so-called diagnostic drift. Such changes may well have been particularly relevant in the oldest age categories (Hartge and Devesa, 1992) .
It should be recalled that NHL comprises a rather heterogeneous group of diseases of which the perception has been changing quite appreciably (Parkin, 1985) . This involves both the delineation of NHL from other diseases and the classification of NHL into various subtypes. However, the significance of such problems relating to the nomenclature and registration of NHL is considered to be insufficient to explain the worldwide increase in NHL incidence (Hartge and Devesa, 1992) . Specifically, it is not plausible that the dramatic increase in incidence among young Danish men and women in recent years is the result of systematic classification errors that apply only to NHL in young persons. Similarly, this increase cannot be readily explained by improved diagnosis, or through changes in the delineation of NHL from diseases such as Hodgkin's disease and chronic lymphocytic leukaemia. We therefore believe that the recent increase in the incidence of NHL in young Danish men and women reflects a true increase.
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